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Abstract
According to biorefinery and “green chemistry” concepts, we investigated here new procedures 
to recover carotenoids and phenolics from tomato tissue, by an enzyme-assisted extraction using 
comparatively commercial and crude pectinases and cellulases obtained from fermented fractions of 
Penicillium oxalicum and Trichoderma reesei, respectively. Different ratios between the enzyme activity 
and substrate (1, 5 and 10%) were used when incubated with the tomato homogenate. Carotenoids 
released by enzyme treatment were identified and quantified by HPLC-DAD, while phenolic derivatives 
were quantified by UV-Vis spectrometry. The antioxidant activity was measured by DPPH method and 
correlated with the release of bioactive molecules. The enzyme-assisted extraction of carotenoids 
increased the lycopene recovery after cellulases treatment 1.6 times while for β-carotene 2.4 times, 
comparatively with the untreated samples. The increase of lycopene and β-carotene release after 
pectinases treatment was lower. Higher yields of phenolic derivatives were found using 10% crude 
pectinase, increasing the extraction up to 174.6 mg GAE/100g fresh weight. The antioxidant activity, 
based on DPPH scavenging was significantly higher than for control, suggesting that enzyme-assisted 
methods not only increase the yield of photochemicals recovery but also improve the antioxidant 
capacity of resulted extracts. Generally the crude enriched fractions in enzymes were more active than 
commercial ones. Beside the enhancement of release yield, the use of crude enzymes prevents the use of 
high quantities of organic solvents and assures the increase of antioxidant capacity of such hydrolyzed 
extracts. Carotenoids were better released by cellulases while phenolic derivatives were better released 
from the pectin matrix, by crude pectinases. Due to the low production costs for crude enzymes, the 
release of bioactive molecules such as carotenoids and phenolics from plant tissues by enzyme-assisted 
hydrolysis is a good biotechnological solution.
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INTRODUCTION
Tomatoes and their derived products (tomato 
juice, ketchup, dried tomatoes or tomato paste) are 
essential food, used worldwide in the human diet, 
and recommended for disease prevention due to 
the high content of lycopene, beside β-carotene, 
both with high antioxidant capacity (Baranska 
et al., 2006; Zuorro et al., 2011) and essential, 
considering that animals and humans are incapa-
ble of carotenoid biosynthesis. The dietary intakes 
of tomato products rich in lycopene have been 
associated with a decreased risk of prostate cancer 
(Giovannucci, 1999), but also lung, stomach, 
cervix, breast cancers (Basu and Imrhan, 2006) 
and cardiovascular diseases (Omoni and Aluko, 
2005). Tomatoes are rich sources also of phenolic 
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derivatives beside carotenoids, increasing their 
antioxidant potential (Martínez-Valverde, 2002).
The classical method to extract carotenoids and to evaluate their concentration in tomatoes 
is the “organic solvent procedure”, using toxic 
solvents like petroleum, benzene, ethylether 
and methanol. The extractability of lycopene 
by conventional food-grade organic solvents 
(ethanol) is significantly low, due to its strong 
insertion in chromoplastic wall structure and the 
in vivo activity of the carotenoid is affected. 
In this context, considering the biotechno-
logical approach of “biorefinery” and the “green 
chemistry” concept, applied for preparation of 
food supplements or functional food, the use of 
enzymes to extract food carotenoids and other 
antioxidants is a new approach (Shi et al., 2002).
The cell-wall degrading, hydrolytic enzymes such as cellulases, hemicellulases and pectinases 
can penetrate the complex tissue matrix of 
polysaccharides and facilitate the removal of 
carotenoids and phenolics (Puri et al., 2012; 
Baranska et al., 2006). Recent studies on enzyme–
assisted extraction have shown faster extraction, 
higher recovery, reduced solvent usage and lower 
energy consumption (Zuorro and Lavecchia, 2010)
These enzymes have successfully been used 
to facilitate the release of phenolic compounds 
(Landbo and Meyer, 2001) or some types of 
carotenoids (Barzana et al., 2002; Choudhari 
and Ananthanarayan, 2007) from different plant 
materials. Recently, some articles (Choudhari 
and Ananthanarayan, 2007; Zuorro et al., 2011) 
reported the enzyme-assisted carotenoid extrac-
tion, from tomatoes paste or waste, obtaining 
higher yields of recovery of lycopene (Zuorro and 
Lavecchia, 2010). No previous studies regarding 
the enzymatic extraction of phenolic compounds 
from tomatoes were reported, but on other 
substrates such as lyophilized grape skin (Arnous 
and Meyer, 2010), grape pomace (Maier et al., 
2008), raspberry residues (Laroze et al., 2010), 
grape skin (Pinelo et al., 2006), apple skin (Pinelo 
et al., 2008).
Most of the industrial hydrolytic enzymes 
are of microbial origin (Chaplin and Bucke, 
1990) and are purified, being used commercially 
in a standardized form. An alternative to use 
purified commercial enzyme preparations, are 
the crude enzyme -enriched fractions, obtained 
by fermentation of agro industrial waste, by diffe-
rent enzyme-producing microorganisms such as 
Aspergillus sp. or Penicillium sp. Considering the 
high cost of purified enzymes that are used for 
processing large volumes of raw material, we are 
interested in obtaining crude extracts of these 
enzymes from specific fungi strains. 
This study aims to compare the efficiency of 
crude fractions of cellulose and pectinase enzymes 
of fungi origin (Trichoderma reesei and Penicillium 
oxalicum) and of commercial enzymes (Carenzyme 
–Aspergillus sp. and Pectinex 3XL - Aspergillus niger) 
to extract concomitantly carotenoid and phenolic 
derivatives from fresh tomato homogenates, in 
different treatment conditions.  
MATERIALS AND METHODS
Samples and enzymes preparation. Fresh 
tomatoes were purchased from a local market 
in April 2011, washed and homogenized, stirred 
then as aliquots of 1 g each in tightly-closed glass 
tubes at -20°C. 
The commercial cellulases and pectinases 
were obtained in liquid form, from Novozyme 
(Sigma-Aldrich, Darmstadt, Germany). The pure 
cellulase, named Carenzyme (CS) was produced by 
Aspergillus sp. and the pectinase, named Pectinex 
3XL (PS) was produced by a selected strain of 
Aspergillus niger. 
The pectinase crude extracts (PC) were obtai-
ned in our laboratory by solid state fermentation 
for 7 days at 30°C on wheat bran substrate using 
Penicillium oxalicum and the method reported by Solis-Pereira et al. (1996). The crude cellulases 
(CC) were obtained in the same conditions on 
sawdust substrate with Trichoderma reesei (QM 
1419) strain, using the medium and the incubation 
conditions reported by Aftab and Vermette 
(2008). In both cases, after fermentation, the 
fermented enzyme-rich medium was mixed with 
equal quantity of distilled water, centrifuged at 
4000 rpm, 20 min, at 20°C and the supernatant 
was immediately used for the tomato substrate 
hydrolysis (Neagu et al., 2012a, b). One unit of 
enzyme activity (UI) was defined as the amount 
of enzyme, which released 1 mmol of reductive 
sugars per minute. 
Enzymatic hydrolysis of tomato substrate. 
In order to use the same number of units for both 
types of enzymes, commercial and crude ones, 
previously we determined their activity at 40°C 
for cellulases (CS and CC) and 50°C for pectinases 
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(PS and PC), respectively, using the dinitrosalicylic 
acid (DNS) method (Miller, 1959). The total 
enzymatic activity of cellulases was measured by 
the standard filter paper assay method (Ghose, 
1987). The pectinolytic activity was expressed as 
galacturonic acid released by the enzyme from 
standard apple pectin (Sigma). The activity (UI) 
was defined as the amount of enzyme, which 
released 1 mmol of reductor sugars per minute.
Three concentrations were used for each 
commer cial enzyme: 1, 5 and 10% (E/S). Depen-
ding on the specific activity (UI/ml), the volume 
(ml) of the crude enzymes was adjusted to reach 
the same number of units (UI) as the commercial 
preparations for all the samples (Tab. 1). 
To each aliquot of 1 g homogenized tomato 
sample, the enzymes were added at pH 4.3 in each 
tube. This mixture was vortexed for two minutes 
and the tubes were incubated at 40°C for 2 hours.
Extraction of carotenoids. Carotenoid ex-
trac tion from tomatoes was carried out after the 
enzymatic treatment of each aliquot, in a mixture 
of hexane: acetone: ethanol 50:25:25 (v/v) and 
BHT (0.05% w/v in acetone) as antioxidant 
(Zuorro and Lavecchia, 2010), following the 
procedure described by Bunea et al. (2008) with 
some modifications. Also the same quantity of a 
tomato control sample, not enzymatically treated, 
was extracted with the same solvent mixture. 
After a two times extraction, the filtrate was 
partitioned in a separation funnel, successively 
with water, diethyl ether and saturated saline 
solution. The upper organic phase was evaporated 
at 35°C to dryness under vacuum, using a rotary 
evaporator, and a nitrogen stream. The residue 
was redissolved in 0.5 ml of ethyl acetate by mixing 
2 min, and carotenoids were separated, identified 
and quantified by HPLC.
Carotenoids quantification by RP-HPLC-
DAD. High-performance liquid chromatography 
(HPLC) was the method of choice for the 
separation and quantification of carotenoids. The 
HPLC analysis was performed on a Shimadzu HPLC 
system, equipped with a binary pump system LC-
20 AT with degasser DGU-20 A3 (Prominence) and 
equipped with a diode-array detector (DAD).
The chromatographic separation of the com-
pounds was achieved by using a C18 Supelco 
column (250 x 4.6mm, 5 µm). The elution was 
performed at ambient temperature, using solvent 
A –acetonitrile: water (9:1) and solvent B –ethyl 
acetate. The gradient elution system was: 15% B 
for the time interval 0-16 min; 60% B from 16 to 25 
min; 70% B from 25 to 52 min; 15% B from 52 to 
55 min at a constant flow of 1 ml/min. Carotenoids 
were identified by their characteristic UV-Vis 
spectra and comparison of their retention times 
with known standard solutions (lycopene). The 
chromatograms were monitored at 450 nm with a 
DAD detector. The carotenoids quantification was 
performed using a calibration curve made with 
canthaxanthin (Fluka, Buchs, Switzerland), in a 
concentration range of 4.4-287 μg/ml (R2=0.996) 
(data not shown).
Extraction of total phenolics from tomato. 
The phenolic compounds released in the homo-
genate after the enzymatic treatment of tomato 
aliquots were then dissolved in methanol: water 
(80:15, v/v) acidified with 0.1 N HCl by two 
successive shakings for 2 hours in dark, according 
to the method described by Martinez-Valverde et 
al. (2002). The suspension was then filtered and 
evaporated to dryness under vacuum, using a ro-
tary evaporator at 40°C and finally dried under a 
nitrogen stream.
Table 1. Enzyme/substrate (E/S) ratios adjusted to be similar, using different volumes 
of cellulases (CS and CC) and pectinases (PS and PC) used in these experiments
Enzyme/
substrate ratio
(E/S %)
Enzymes
Cellulases Pectinases
UI  CS (mL) CC (mL) UI PS (mL) PC (mL)1 0.006 0.03 0.038 0.08 0.03 0.069 5 0.027 0.15 0.19 0.405 0.15 0.346 
10 0.054 0.300 0.381 0.81 0.300 0.693 
NEAGU et al
23
Bulletin UASVM Animal Science and Biotechnologies 71(1) / 2014
The dry extract was was done using the me-
thod reported by Brand-Williams et al. (1995). 
A volume of 35μl sample extract in methanol 
reacted with 250 μl DPPH solution 80 μM, freshly 
prepared in 95% methanol, for 30 minutes in 
dark. The absorbance was measured redissolved 
in 0.5 ml methanol and used for total phenolics 
determinate by Folin-Ciocalteu method, according 
to the protocol of Singleton et al. (1999). There 
were used 25 μl sample aliquots, with 1.8 ml 
distilled water in a 24 wells microplate. Volumes 
of 120 μl Folin-Ciocalteu reagent (Sigma-Aldrich, 
Darmstadt, Germany) added and mixed, followed, 
after 5 minutes by an addition of 340 μl Na2CO3 
(7.5% in water) in order to create basic conditions 
(pH~10) for the redox reaction between phenolic 
compounds and Folin-Ciocalteu reagent. After 
incubation, for 90 min at room temperature, the 
absorbance was read at 750 nm by microplate 
reader (BioTek Instruments, Winooski, VT), 
against the blank, containing methanol. The total 
phenolic content of tomatoes was expressed as 
gallic acid equivalents per fresh weight (mg of 
GAE/100 g FW), using a calibration curve with a 
concentrations range from 0 to 0.55 mg/ml GAE 
(R2=0.997) (data not shown).
DPPH scavenging activity. The 2,2-diphenyl-
picrylhydrazil (DPPH) radical scavenging capacity 
(Sigma-Aldrich, Darmstadt, Germany) of the 
extracts at 515 nm, using a microplate reader 
(BioTek, USA). The antioxidant activity was 
expressed as micromoles Trolox Equivalents (TE) 
per 100 grams sample (μmol TE/100 g), based on 
a calibration curve with Trolox, in a concentration 
range of 0-300 μM (R2= 0.999) (data not shown). 
Statistical analysis. The data were expressed 
as mean ± standard deviation (SD) from three 
parallel measurements. Statistical differences 
between samples were tested using ANOVA 
(GraphPad PrismVersion 7.0, GraphPad Software, 
San Diego, CA, USA). The level of significance was set at p<0.05.
RESULTS AND DISCUSSION
Identification and quantification of caro-
tenoids released after enzyme-assisted treat-
ment of tomato homogenate. To measure 
compa ratively the yield of carotenoids released 
from tomato homogenate after the enzyme-assis-
ted extraction, the HPLC-DAD was applied. A 
generic HPLC chromatogram obtained for tomato 
carotenoids is presented in Figure 1, showing 
two peaks, which were identified as lycopene and 
β-carotene. 
Fig.1. The HPLC-VIS chromatogram obtained for 
tomato carotenoids before and after enzymatic 
treatment with pectinases (PS 5%) and cellulases 
(CS 10%).
Table 2 presents the concentrations of caro te-
noids released after enzymatic treatment, compa-
ratively to the control. 
Generally, one can observe that higher amounts 
of lycopene and β-carotene were released after 
enzymatic treatment and was dependent on the 
enzyme concentration. The content of lycopene 
ranged from 17.16 mg/kg FW for control sample, 
up to 26.59 or 26.39 mg/kg FW when cellulase 
treatment (CC and CS at 10%, respectively) was 
used. The β-carotene release was 1.27 mg/kg FW 
for control , vs. 3.11 and 3.01 mg/kg FW when CS 
and CC 10% were used, respectively. A gradual, 
proportional increase of carotenoid release was 
observed, when the cellulase concentration 
increased from 1%  to 5% and then kept constant 
up to 10 %. The yields obtained for tomato control 
untreated sample were consistent with that 
reported by Martínez-Valverde et al. (2002), up to 
40 mg/kg in ripe tomato. 
After pectinase treatment the situation was 
different, the concentration of lycopene was 21.40 
mg/kg FW for PS 5% while 22.93 mg/kg FW for PC 
5%. A slight increase of lycopene and β-carotene 
concentration after PC or PS treatments (from 1% 
to 5 %) followed by a decrease when 10% PC or PS 
were used. The increase of lycopene release after 
cellulases treatment was around 1.6 times while 
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for β-carotene was around 2.4 times, comparatively 
with the untreated samples. The increase of 
lycopene release after pectinases treatment 
was around 1.25 times while for β-carotene 
was around 1.9 times, comparatively with the 
untreated samples. No differences were noticed 
for the carotenoid release after using  standard 
cellulase (CS) and the crude cellulase (CC) for 
hydrolysis. The optimum enzyme concentration to 
release carotenoids was established to be 5%, for 
both cellulases and pectinases. 
Our data are slightly lower than those 
reported by Choudhari and Ananthanarayan 
(2007) found that the release of lycopene after 
cellulase or pectinase treatment of tomato skins 
was 2 or 3-fold higher, respectively, than that from 
the untreated material. Meanwhile, similar results 
were obtained for the recovery of lycopene from 
tomato paste (Choudhari and Ananthanarayan, 
2007; Zuorro and Lavecchia, 2010).
Total phenolic compounds in tomato homo-
genate before and after enzymatic treatments. 
The concentration of total phenols in tomato 
samples after enzyme treatments varied from 70.2 
mg GAE/100 g FW to 174.6 mg GAE/100 g (Tab. 
2). Our results obtained for tomato untreated 
sample were close to those reported by Wu et al. 
(2004), who found that the total phenolic content 
of tomato fruits was in the range from 80 to 100 
mg GAE/100 g. 
Phenols recovery yields were lower in the case 
of samples treated with 1% for all the enzymes. 
For cellulase we have recorded a release of 93.9 
mg GAE/100 g FW and 103.7 mg GAE/100 g FW 
using CS and CC 1%, respectively. The enzyme 
concentration 5% was optimal for both CS and 
CC cellulases, and a higher concentration did not 
had a positive influence on the release of phenolic 
compounds from the tomato matrix. Enzymatic 
treatment with CS and CC 5% improved the 
extraction yield up to 118-120.2 mg of GAE/100 g 
FW. This value was very close to the sample treated 
with the same concentration when crude enzyme 
was used. In this case, the amount of phenolic 
compounds increased from control sample with 
50.0 mg of GAE/100 g.  
Using pectinase for whole tomato hydrolysis, 
the highest yields of total phenolics, were achieved 
using PC 10%, registering an increase up to 164.7 
mg GAE/100 g FW. The increase of extraction yield 
induced by pectinase treatment was of 2.3 times 
for PC and 1.7 times for PS. This can be explained 
Table 2. The carotenoid and phenolics’ concentrations released after enzymatic treatments, comparatively to the control
Sample Carotenoids (mg/kg FW) Total phenolics (mg GAE /100g 
FW)Lycopene β - carotene
Tomato 17.16±1.27c 1.27±0.16c 70.2±6.4d
CS 1% 18.86±1.14c 1.48±0.07c 93.9±7.4d
CS 5% 25.34±1.91a 2.25±0.11b 118.0±4.8b
CS 10 % 26.39±0.15a 3.11±0.29a 115.0±6.6b
CC 1% 20.86±0.97b 2.34±0.31b 103.7±15.6bcd
CC 5% 25.13±0.48a 2.68±0.50ab 120.2±13.4b
CC 10 % 26.59±0.56a 3.01±0.45a 110.8±14.0b
PS 1% 18.45±1.92c 1.54±0.11c 77.6±10.6c
PS 5% 21.40±0.60b 2.41±0.46b 102.0±16.4cd
PS 10% 18.86±1.14c 2.17±0.24b 123.8±6.6b
PC 1% 22.05±2.12b 1.47±0.08c 79.9±8.2d
PC 5% 22.93±0.28b 2.40±0.29b 126.4±12.9b
PC 10% 18.78±1.08c 1.61±0.20c 164.7±6.6a
* The upper, different letters indicate values, which are significantly different (p<0.05)
NEAGU et al
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by the presence of phenolic derivatives inside the 
pectin matrix, which was destroyed by specific 
pectinase activity. Comparing with cellulases, 
for phenolic derivatives, the enzymatic-assisted 
extraction is significantly better realized using pectinases. 
DPPH scavenging capacity. The antioxidant 
activity of tomato homogenate before and after 
enzymatic hydrolysis was evaluated by the DPPH method and the results are presented in Table 
3. For cellulase treated samples, the antioxidant 
capacity increased from 10.95 µM TE/100g FW 
to 18.44 µM TE/100g for the sample treated with 
CC 5%, decreasing slightly for CC 10%. The DPPH 
scavenging effect after pectinase treatment was 
more evident, increasing from 10.95 µM TE/100g 
FW (before enzymatic hydrolysis) to 17.05 µM 
TE/100g for PC 5% and to 19.14 µM TE/100g 
for PC 10%. The release of phenolics was inferior 
when commercial pectinases were used (values 
of 12.42-16.00 µM TE/100g), comparatively with pure pectinase. 
Correlations between the release of phe-
nolic derivatives from tomato pectin matrix 
and the antioxidant activity. Figure 2 represents 
the correlation between the concentrations of total 
phenolic compounds (TPC) released after cellulases 
(CS, CC) and pectinases (PS, PC) hydrolysis and the 
DPPH scavenging capacity, comparatively with the 
non-hydrolyzed tomato (control). 
One can see that the crude pectinase ex-
tract (PC) of Pencilium oxalicum (at 10% and 
5%) induced an increase of phenolics delivery 
and antioxidant activity, comparing with pure 
pectinase and pure or crude cellulases CC 10% 
and 5% from Trichoderma reesei. 
Comparing the cellulolytic crude and commer-
cial enzymes, we noticed that the differences were 
not so pronounced as in the case of pectinolytic 
preparation. The lower enzymes concentration 
(1%) was significantly less efficient for releasing antioxidants.
This may be explained by a more diverse enzy-
matic activity found in the crude extracts obtained 
by fermentation (pectinases mixed with xylanases, 
glucosidases and esterases), comparing with 
the commercial pure pectinase (PS). Our results 
showed that the DPPH scavenging effect was higher 
when pectinase-assisted hydrolysis was performed, 
comparing with cellulase. This effect was mainly 
due to phenolics release after pectinase hydrolysis.
The correlation between the released pheno-
lics and the antioxidant activity of enzyme- hy-
dro lyzed extracts was positive and significant 
(R2=0.7659, P<0.05) suggesting that phenolic 
derivatives could be the most important contri-
butor to the antioxidant effect measured by DPPH.
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Fig. 2. Correlations between the concentrations of 
total phenolic compounds (TPC, mg GAE/100 g FW) 
released after cellulase (CS, CC) and pectinases 
(PS, PC) hydrolysis and their DPPH scavenging 
capacity (μg Trolox/100 g FW), comparatively with 
the non-hydrolyzed Tomato (control).
CONCLUSION
The results obtained in this study clearly 
demonstrate the possibility to enhance the yield 
of carotenoids and phenolics extraction from 
whole tomato tissue by using cell-wall degrading 
enzymes, such as pectinases and cellulases, freshly 
prepared by fermentation of Penicillium oxalicum and Trichoderma reesei, respectively. Optimal 
concentration of enzymes used for carotenoids 
release were the crude cellulases at 10% followed 
by purified, commercial cellulases at 10%, then 
pectinases (crude and pure at 5%). The crude 
pectinases showed higher efficiency, at 10%, 
compared with the commercial ones, especially in 
the extraction of phenolic compounds, improving 
the antioxidant capacity of the hydrolyzed extract. 
The antioxidant capacities, as determined by DPPH 
method, were significantly, positive correlated 
with the values of phenolics released by enzymes, 
especially at ratios higher than 5%.
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Beside the enhancement of release yield, the use 
of crude enzymes prevents the use of high quantities 
of organic solvents and assures the increase of 
antioxidant capacity of such hydrolyzed extracts. 
Carotenoids were better released by cellulases while 
phenolic derivatives were better released from the 
pectin matrix, by crude pectinases. Due to the low 
production costs for crude enzymes, the release 
of bioactive molecules such as carotenoids and 
phe nolics from plant tissues by enzyme-assisted 
hydrolysis is a good biotechnological solution. 
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